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1 ͸͡ΊʹΠϯλʔωοτ؀ڥ౳ͷίϯϐϡʔλωοτϫʔΫʹ͓͍ͯෆಛఆଟ਺ͷϢʔβ͔ΒͳΔάϧʔϓ಺Ͱ҉߸Λ༻͍ͨൿಗ௨৴Λߦ͏৔߹ɼ௨৴લʹάϧʔϓ಺Ͱݤͱݺ͹ΕΔൿີͷ৘ใΛڞ༗͢Δඞཁ͕ੜ͡Δɽ͜ͷΑ͏ͳ৔߹ʹඞཁͱͳΔٕज़͕ɼݤࣄલ഑෍ํࣜ
(Key Distribution Scheme: KDS) Ͱ͋ΔɽຊߘͰ͸ɼߴ౓ͳ҆શੑ֓೦Ͱ͋Δ৘ใྔత҆શੑΛ༗͢Δ
KDSʹ͍ͭͯߟ͑Δɽ৘ใྔతʹ҆શͳKDSͷࢀՃऀ͸ɼݸମࣝผͷͨΊͷ৘ใͰ͋Δ ID৘ใΛ࣋ͭnDݸͷݤ഑ૹηϯλʔͱ
nP ਓͷϢʔβͰߏ੒͞ΕΔɽ͜͜Ͱݤ഑ૹηϯλʔ͸ɼϢʔβʹݤΛ഑෍͢ΔͨΊͷػؔͱͯ͠ઃஔ͞Ε͍ͯΔɽҎԼͰ͸ɼݤ഑ૹηϯλʔΛ୯ʹηϯλʔͱݺͿɽ୅දతͳ KDSͱͯ͠͸ tձٞݤࣄલ഑෍ํࣜ
(t-conference KDS: t-KDS)͕͋Γɼ਺ଟ͘ͷݚڀ͕ߦΘΕ͍ͯΔ [1, 2, 3, 4, 5]ɽt-KDSͰ͸ɼ·ͣҰ෦ͷηϯλʔ͕ಠཱʹൿີ৘ใΛϥϯμϜʹੜ੒͠ɼηϯλʔؒͰ҆શͳ௨৴࿏Λ༻͍ͯ௨৴͢Δ͜ͱͰ֤ηϯλʔݻ༗ͷ৘ใͰ͋ΔηϯλʔهԱ৘ใΛͦΕͧΕੜ੒ͯ͠هԱ͢Δɽ࣍ʹɼ֤Ϣʔβ͕೚ҙʹબ୒ͨ͠Ұ෦ͷηϯλʔͱ҆શͳ௨৴࿏্Ͱ௨৴Λߦ͍ɼ֤Ϣʔβݻ༗ͷ৘ใͰ͋ΔϢʔβهԱ৘ใΛੜ੒ͯ͠هԱ͢Δɽ֤Ϣʔβ͸ݤΛ࢖༻͢ΔࡍɼϢʔβهԱ৘ใͱެ։৘ใͰ͋ΔϢʔβͷ ID৘ใ͔Βɼࣗ਎ΛؚΉ೚ҙͷ tਓͷϢʔβͰߏ੒͞ΕΔάϧʔϓͷݤΛଞͷϢʔβʔ΍ηϯλʔͱͷ௨৴ΛߦΘͣʹݸผʹੜ੒͢Δɽ
t-KDSͷ୅දతͳ҆શੑͷ֓೦ʹ͸ɼ͖͍͠஋ܕ҆શੑͱϥϯϓܕ҆શੑ͕͋Δɽ͜ΕΒͷ҆શੑ͸ɼηϯλʔͱϢʔβʹΑΔ݁ୗ߈ܸʹରͯ͠ఆٛ͞Ε͍ͯΔɽ͖͍͠஋ܕ҆શੑ͸ɼ݁ୗ਺͕͋Δ͖͍͠஋ҎԼͷͱ͖݁ୗϢʔβ͕ଐ͍ͯ͠ͳ͍೚ҙͷάϧʔϓͷݤʹؔ͢Δ৘ใ͕શ͘ಘΒΕͳ͍͜ͱΛอূͨ҆͠શੑͰ͋ΔɽҰํɼϥϯϓܕ҆શੑ͸͖͍͠஋ܕ҆શੑΛҰൠԽͨ҆͠શੑͱͯ͠ఆٛ͞Ε͍ͯΔɽϥϯϓܕ҆
શੑ͸݁ୗ਺͕͖͍͠஋ҎԼͷͱ͖ɼ͖͍͠஋ܕ҆શੑͱಉ༷ʹ݁ୗϢʔβ͕ଐ͍ͯ͠ͳ͍೚ҙͷάϧʔϓͷݤʹؔ͢Δ৘ใ͕શ͘ಘΒΕͳ͍͜ͱΛอূ͠ɼ͖͍͠஋Λ௒͑Δͱ݁ୗ਺ͷ૿Ճʹैͬͯ߈ܸର৅ͷݤͷ৘ใ͕ஈ֊తʹಘΒΕΔͱ͍͏ੑ࣭ΛՃ͑ͨ҆શੑͱͯ͠ఆٛ͞Ε͍ͯΔɽ͜ΕΒͷ҆શੑΛ༗͢Δ t-KDSʹରͯ͠ɼηϯλʔٴͼϢʔβͷهԱ༰ྔ͕ͦΕͧΕ࠷খͱͳΔ࠷దͳߏ੒๏͕ఏҊ͞Ε͍ͯΔ [3, 4, 5]ɽ͔͠͠ɼ͜ΕΒͷߏ੒๏͸ηϯλʔؒͷ௨৴ྔͱηϯλʔͱϢʔβؒͷ௨৴ྔʹ͍ͭͯ͸࠷దੑ͕อূ͞Ε͍ͯͳ͍ɽ·ͨɼt-
KDSʹ͓͍֤ͯηϯλʔͰಠཱʹੜ੒͢Δൿີ৘ใ͕ԿΒ͔ͷࣄނ΍ࡂ֐ͳͲʹΑͬͯୈࡾऀʹ࿙͍͑ͯ͠͠·͏ڪΕ͕ߟ͑ΒΕΔ͕ɼैདྷͷ҆શੑͰ͸ߟྀ͞Ε͍ͯͳ͍ɽͦ͜ͰຊߘͰ͸ɼηϯλʔͷൿີ৘ใͷ࿙͍͑ΛߟྀʹೖΕͨ҆શੑΛ৽ͨʹఆٛ͠ɼͦͷ҆શੑΛ༗͢Δ t-KDSʹରͯ͠ɼηϯλʔͱϢʔβͷهԱ༰ྔ͚ͩͰͳ͘ɼηϯλʔؒٴͼηϯλʔͱϢʔβؒͰͷ௨৴ྔʹ͍ͭͯ΋࠷దͱͳΔߏ੒๏ʹ͍ͭͯݕ౼͢Δɽ۩ମతʹ͸ɼ৽ͨʹఆٛͨ҆͠શੑΛ༗͢Δ t-KDSʹରͯ͠ɼ֤ηϯλʔٴͼ֤ϢʔβͷهԱ༰ྔͱड৴ྔͷԼքΛͦΕͧΕಋग़͠ɼͦΕΒͷԼքΛୡ੒͢Δߏ੒๏Λࣔ͢ɽ
2 ४උຊষͰ͸ɼ৘ใཧ࿦ʹ͓͚ΔΤϯτϩϐʔͱ૬ޓ৘ใྔͷఆٛɼٴͼΤϯτϩϐʔͱ૬ޓ৘ใྔͷجຊతੑ࣭ [6] ʹ͍ͭͯ঺հ͢Δɽ͜͜ͰɼՄࢉू߹ X ʹ஋ΛͱΔ֬཰ม਺ΛX ͱ͓͖ɼ֬཰ม਺X ͷ֬཰෼෍Λ
pX(x) = Pr {X = x} , x ∈ X , (1)ͱ͢ΔɽҎԼɼ೚ҙͷ֬཰ม਺ʹର͢Δ֬཰෼෍Λ্هͷΑ͏ʹද͢ɽ·ͨɼ೚ҙͷ 2ͭͷ੔਺m,nʹର͠
2商　　大　　論　　集ͯɼ௕͞ n−m+1ͷ೚ҙͷܥྻXm, Xm+1, · · · , XnΛ Xnm ͱ͓͘৔߹͕͋Δɽͨͩ͠ɼn < mͷͱ͖͸ۭܥྻͱ͢Δɽ
2.1 Τϯτϩϐʔͱͦͷجຊతੑ࣭֬཰ม਺X ͷΤϯτϩϐʔH (X)͸ɼ
H (X) = −
∑
x∈X
pX(x) log pX(x) (2)ͱͯ͠ఆٛ͞ΕΔ 1ɽ·ͨɼՄࢉू߹X1×X2×· · ·×XNʹ஋ΛͱΓ (N ≥ 2)ɼಉ࣌֬཰෼෍
pXN1 (x
N
1 ) = Pr
{
XN1 = x
N
1
}
,
xN1 ∈ X1×X2×· · ·×XN (3)Λ࣋ͭ N ݸͷ֬཰ม਺ͷ૊ (X1, X2, · · · , XN )ʹର͢ΔΤϯτϩϐʔ
H
(
XN1
)
= H (X1, X2, · · · , XN )
= −
∑
x1∈X1
· · ·
∑
xN∈XN
pXN1 (x
N
1 )
× log pXN1 (x
N
1 ) (4)Λಉ࣌ΤϯτϩϐʔͱݺͿɽՄࢉू߹X×Yʹ஋ΛͱΓɼಉ࣌֬཰෼෍pXY (x, y)Λ࣋ͭ 2ͭͷ֬཰ม਺X,Y ʹର͠ɼY ͕༩͑ΒΕͨͱ͖ͷX ͷ৚݅෇͖ΤϯτϩϐʔH (X | Y )͸ɼ
H (X | Y ) = −
∑
x∈X
∑
y∈Y
pXY (x, y) log pX|Y (x | y) (5)ͱͯ͠ఆٛ͞ΕΔɽ͜ ͜ͰɼpX|Y (x | y)͸৚݅ Y = yͷ΋ͱͰͷ X = xͷ৚݅෇͖֬཰෼෍Ͱɼ࣍ͷΑ͏ʹఆٛ͞ΕΔɽ
pX|Y (x | y) = pXY (x, y)
pY (y)
. (6)্هͷΤϯτϩϐʔɼಉ࣌Τϯτϩϐʔɼٴͼ৚݅෇͖Τϯτϩϐʔ͸ɼ࣍ͷΑ͏ͳੑ࣭Λ࣋ͭɽఆཧ 1. ([6,ิ୊ 2.1.1])Τϯτϩϐʔ͸ৗʹඇෛ஋ΛͱΔɽ͢ͳΘͪɼ೚ҙͷ֬཰ม਺X ʹରͯ͠ɼ
H (X) ≥ 0 (7)͕੒Γཱͭɽ ˘ఆཧ 1ͷඇෛੑ͸ɼಉ࣌Τϯτϩϐʔͱ৚݅෇͖Τϯτϩϐʔʹ͍ͭͯ΋ಉ༷ʹ੒Γཱͭɽ
1ຊߘΛ௨ͯ͡ର਺ͷఈ͸ 2 ͱ͢Δɽ
ఆཧ 2. ([6,ఆཧ 2.6.4])Τϯτϩϐʔ͸Ұ༷෼෍ͷͱ͖ʹ࠷େͱͳΔɽ͢ͳΘͪɼ೚ҙͷ֬཰ม਺ X ʹରͯ͠ɼ
log |X | ≥ H (X) (8)͕੒Γཱͭɽ౳߸͸X ͕ X ্ͰҰ༷ʹ෼෍͍ͯ͠Δ৔߹ɼ͔ͭͦͷ৔߹ʹݶΔɽ ˘͜ͷΑ͏ͳੑ࣭͸ɼಉ࣌Τϯτϩϐʔͱ৚݅෇͖Τϯτϩϐʔʹ͍ͭͯ΋ಉ༷ʹ੒Γཱͭɽෳ਺ͷ֬཰ม਺ʹରͯ͠ɼ࣍ͷΑ͏ͳνΣΠϯଇ͕੒Γཱͭɽఆཧ 3. ([6,ఆཧ 2.5.1]) ೚ҙͷ N ݸͷ֬཰ม਺
X1, X2, · · · , XN ʹରͯ͠ɼ
H
(
XN1
)
=
N∑
i=1
H
(
Xi | Xi−11
)
(9)͕੒Γཱͭɽ ˘
2.2 ૬ޓ৘ใྔͱͦͷجຊతੑ࣭૬ޓ৘ใྔͷجຊతੑ࣭Λड़΂ΔͨΊʹɼ·ͣɼʢ୯७ʣϚϧίϑ࿈࠯Λఆٛ͢Δɽ֬཰ม਺ͷྻ
X1, X2, · · · , XN ͕Ϛϧίϑ࿈࠯Λͳ͢ͱ͸ɼ೚ҙͷ
2 ≤ i ≤ N − 1 ʹରͯ͠ɼXi ͕༩͑ΒΕͨ΋ͱͰ
Xi−11 ͱ XNi+1 ͕৚݅෇͖ಠཱͰ͋Δ͜ͱΛ͍͏ɽຊݚڀͰ͸ɼ֬཰ม਺ͷྻ XN1 ͕Ϛϧίϑ࿈࠯Λͳ͢ͱ͖ɼ
X1 → X2 → · · · → XN (10)ͱද͢͜ͱʹ͢ΔɽϚϧίϑ࿈࠯ͷఆٛΑΓɼͨͩͪʹҎԼͷ݁Ռ͕ಋ͔ΕΔ [6]ɽ
• ೚ҙͷN ݸͷ֬཰ม਺X1, X2, · · · , XN ʹରͯ͠ɼ
X1 → X2 → · · · → XN (11)Ͱ͋Ε͹ɼ
XN → XN−1 → · · · → X1 (12)΋੒Γཱͭɽ
• ೚ҙͷNݸͷ֬཰ม਺X1, X2, · · · , XNɼٴͼ೚ҙͷؔ਺ϕi, 2 ≤ i ≤ N−1ʹରͯ͠ɼϕi (Xi) =
Xi+1 Ͱ͋Ε͹ɼ
X1 → X2 → · · · → XN (13)͕੒Γཱͭɽ
3鍵配送センターからの情報漏えい耐性がある情報量的に安全な鍵事前配布方式について࣍ʹɼ૬ޓ৘ใྔͷجຊతੑ࣭ʹ͍ͭͯड़΂Δɽ૬ޓ৘ใྔ͸ରশੑΛ࣋ͭɽ͢ͳΘͪɼఆཧ 4. ([6,ఆཧ 2.4.1])೚ҙͷ֬཰ม਺X1, X2, X3 ʹରͯ͠ɼ
I (X1;X2) = I (X2;X1) , (14)
I (X1;X2 | X3) = I (X2;X1 | X3) (15)͕੒Γཱͭɽ ˘Τϯτϩϐʔͱಉ༷ʹɼ૬ޓ৘ใྔɼٴͼ৚݅෇͖૬ޓ৘ใྔ͸ৗʹඇෛ஋ΛͱΔɽ͢ͳΘͪɼఆཧ 5. ([6,ఆཧ 2.4.1])೚ҙͷ֬཰ม਺X1, X2, X3 ʹରͯ͠ɼ
I (X1;X2) ≥ 0,
I (X1;X2 | X3) ≥ 0 (16)͕੒Γཱͭɽ ˘૬ޓ৘ใྔͷඇෛੑ͔ΒɼҎԼͷؔ܎͕੒Γཱͭɽఆཧ 6. ([6,ఆཧ 2.6.5])೚ҙͷ֬཰ม਺X,Y ʹରͯ͠ɼ
H (X | Y ) ≤ H (X) (17)͕੒Γཱͭɽ౳߸͸X ͱ Y ͕ޓ͍ʹಠཱͰ͋Δͱ͖ɼ͔ͭͦͷͱ͖ʹݶΒΕΔɽ ˘͜ͷఆཧ͸ɼ৚݅෇͖Τϯτϩϐʔʹ৚݅ΛՃ͑Δ͜ͱͰɼͦͷྔ͕ݮগ͢Δ͜ͱ͸͋ͬͯ΋૿Ճ͢Δ͜ͱ͸ͳ͍͜ͱΛ͍ࣔͯ͠Δɽෳ਺ͷ֬཰ม਺ʹରͯ͠ɼΤϯτϩϐʔͱಉ༷ʹɼ࣍ͷΑ͏ͳνΣΠϯଇ͕੒Γཱͭɽఆཧ 7. ([6,ఆཧ 2.5.1])೚ҙͷN + 1ݸͷ֬཰ม਺X1, X2, · · · , XN , Y ʹରͯ͠ɼ
I
(
XN1 ;Y
)
=
N∑
i=1
I
(
Xi;Y | Xi−11
)
. (18)͕੒Γཱͭɽ ˘Ϛϧίϑ࿈࠯Λͳ֬͢཰ม਺ྻʹରͯ͠ɼ࣍ͷΑ͏ͳෆ౳͕ࣜ੒Γཱͭɽఆཧ 8. ([6])೚ҙͷN ݸͷ֬཰ม਺X1, X2, · · · , XN ʹରͯ͠ɼ
X1 → X2 → · · · → XN (19)ͷͱ͖ɼ
I
(
X1;X
N
2
)
= I (X1;X2) (20)͕੒Γཱͭɽ ˘
3 t-KDSຊઅͰ͸ɼt-KDSͷఆٛ [4, 5]Λ঺հ͠ɼt-KDSʹର͢Δ߈ܸऀͱ৘ใ࿙͍͑Λߟྀͨ͠߈ܸऀͷར༻Մೳ৘ใΛఆٛ͢Δɽ
3.1 t-KDSͷఆ֤ٛηϯλʔͷ ID৘ใΛ Dk, 1 ≤ k ≤ nD ͱ͠ɼ֤Ϣʔβͷ ID৘ใΛ Pi, 1 ≤ i ≤ nP ͱ͓͘ɽt-KDSΛఆٛ͢ΔͨΊʹɼ࣍ͷΑ͏ͳه๏Λ༻͍Δɽ
• D = {D1,D2, . . . ,DnD} : ηϯλʔͷ ID৘ใશମͷू߹.
• DS = {D1,D2, . . . ,DnS} ⊂ D : ൿີ৘ใΛੜ੒͢Δηϯλʔͷ ID৘ใશମͷू߹.
• P = {P1,P2, . . . ,PnP } : Ϣʔβͷ ID৘ใશମͷू߹.
• Di =
{
Di1 ,Di2 , . . . ,DinU
}
⊆ D, 1 ≤ i ≤ nP :Ϣʔβ Pi ͕બ୒͢Δ nU ݸͷηϯλʔͷ ID৘ใશମͷू߹ɽ
• Aj ⊂ P, 1 ≤ j ≤
(
nP
t
)
: ೚ҙͷ tਓͷϢʔβͷ
ID৘ใ͔ΒͳΔू߹ (ҎԼͰ͸άϧʔϓͱݺͿ)ɽ
• A (P, t) =
{
A1,A2, . . . ,A(nPt )
}
: άϧʔϓશମͷू߹ɽ
• K : άϧʔϓͰڞ༗͢Δݤશମͷू߹ɽ
• S : ηϯλʔ͕ੜ੒͢Δൿີ৘ใશମͷू߹ɽ
• Vr : ηϯλʔؒͰૹड৴͢Δηϯλʔड৴৘ใશମͷू߹ɽ
• Vm : ηϯλʔ͕هԱ͢ΔηϯλʔهԱ৘ใશମͷू߹ɽ
• Ur : ηϯλʔͱϢʔβؒͰૹड৴͢ΔϢʔβड৴৘ใશମͷू߹ɽ
• Um : Ϣʔβ͕هԱ͢ΔϢʔβهԱ৘ใશମͷू߹ɽ
• fr : S × D → Vr : ηϯλʔड৴৘ใੜ੒ؔ਺ɽ
• fm : VnSr → Vm : ηϯλʔهԱ৘ใੜ੒ؔ਺ɽ
• Fr : Vm × P → Ur : Ϣʔβड৴৘ใੜ੒ؔ਺ɽ
• gm : UnUr → Um : ϢʔβهԱ৘ใੜ੒ؔ਺ɽ
• gk : Um × Pt−1 → K : ݤੜ੒ؔ਺ɽ
4商　　大　　論　　集্هͷه๏Λ༻͍ͯ t-KDSΛɼ࣍ͷΑ͏ʹఆٛ͢Δɽఆٛ 1. 8ͭͷू߹D, P, K, S, Vr, Vm, UrɼUrɼ5ͭͷؔ਺ fr, fm, Fr, gm, gkɼٴͼ֬཰ؔ਺ pS(s),
s ∈ S Λެ։৘ใͱ͢Δɽt-KDS͸ɼ࣍ͷ 6ͭͷεςοϓ͔Βߏ੒͞ΕΔϓϩτίϧͰ͋Δɽʻ Step1ɿ ൿີ৘ใͷੜ੒ʼ֤ηϯλʔ Dk, 1 ≤ k ≤ nS ͸ɼͦΕͧΕಠཱʹൿີ৘ใ sk ∈ S Λ֬཰ؔ਺ pS(·)ʹ͕ͨͬͯ͠ੜ੒͢Δɽʻ Step2: ηϯλʔؒͷ௨৴ʼ
1 ≤ k ≤ nS , 1 ≤ k′ ≤ nD ରͯ͠ɼηϯλʔ Dk ͸ηϯλʔड৴৘ใੜ੒ؔ਺ fr Λ༻͍ͯηϯλʔ Dk′ʹର͢Δηϯλʔड৴৘ใ vk,k′ = fr (sk,Dk′)Λੜ੒͠ɼ҆શͳ௨৴࿏Λ༻͍ͯૹ৴͢Δ 2ɽ֤ηϯλʔ
Dk, 1 ≤ k ≤ nS ͸ɼηϯλʔड৴৘ใΛૹ৴ޙɼൿີ৘ใ sk ΛϝϞϦ͔Βফڈ͢Δɽʻ Step3: ηϯλʔهԱ৘ใͷܭࢉɾهԱʼ
1 ≤ k ≤ nD ʹରͯ͠ɼηϯλʔ Dk ͸ηϯλʔهԱ৘ใੜ੒ؔ਺ fmΛ༻͍ͯηϯλʔ Dk ʹର͢ΔηϯλʔهԱ৘ใ vk = fm (v1,k, v2,k, . . . , vnS ,k) Λੜ੒ɾهԱ͢Δɽʻ Step4: ηϯλʔͱϢʔβؒͷ௨৴ʼ֤ϢʔβPi, 1 ≤ i ≤ nP ͸ɼ௨৴Մೳͳηϯλʔͷத͔Β೚ҙͷ nU ݸͷηϯλʔू߹ Di Λબ୒͢Δɽબ୒͞Ε֤ͨηϯλʔ Dij , 1 ≤ j ≤ nU ͸ɼϢʔβड৴৘ใੜ੒ؔ਺ Fr Λ༻͍ͯϢʔβड৴৘ใ uij ,i =
Fr
(
vij ,Pi
) Λੜ੒͠ɼ҆શͳ௨৴࿏Λ༻͍ͯϢʔβ
Pi ΁ૹ৴͢Δɽʻ Step5: ϢʔβهԱ৘ใͷܭࢉɾهԱʼ֤Ϣʔβ Pi, 1 ≤ i ≤ nP ͸ɼૹΒΕ͖ͯͨ nU ݸͷϢʔβड৴৘ใ uij ,i, 1 ≤ j ≤ nU ͱϢʔβهԱ৘ใੜ੒ؔ਺ gm Λ༻͍ͯϢʔβهԱ৘ใ ui =
gm
(
ui1,i, ui2,i, . . . , uinU ,i
) Λੜ੒ɾهԱ͢Δɽʻ Step6: άϧʔϓͷݤͷੜ੒ʼ೚ҙͷ t ਓͷάϧʔϓ Aj = {Pj1 ,Pj2 , . . . ,Pjt}ʹରͯ͠ɼϢʔβ Pji , 1 ≤ i ≤ t ͸ɼϢʔβهԱ৘ใ ujiɼAj ʹଐ͢Δ Pji Ҏ֎ͷ ID ৘ใ(
Pj1 , . . . ,Pji−1 ,Pji+1 , . . . ,Pjt
)
, ٴͼݤੜ੒ؔ਺ gkΛ༻͍ͯάϧʔϓ Aj ͷݤ
kj = gk
(
ui,Pj1 , . . . ,Pji−1 ,Pji+1 , . . . ,Pjt
)Λੜ੒͢Δɽ ˘
Step1ʹ͓͍ͯɼ֤ ηϯλʔͷൿີ৘ใ͕֬཰తʹੜ੒͞ΕΔͷͰɼStep2Ҏ߱Ͱੜ੒͢Δ৘ใ͸શͯ֬཰ؔ਺ pS(·)ͱެ։৘ใͰ͋Δ 5ͭͷؔ਺ʹґଘ͢Δɽ͜ ͜
2k = k′ ͷ৔߹΋ Dk ͸ vk,k′ ∈ Vr Λܭࢉ͠ɼࣗ਎ʹ΋ηϯλʔड৴৘ใΛૹ৴͢Δ͜ͱʹ͢Δɽ
Ͱɼू ߹Sͷ্ʹ஋ΛͱΔ֬཰ม਺ΛSk, 1 ≤ k ≤ nDͱ͠ɼSkʹର͢Δ֬཰ؔ਺͸ɼkʹґΒͣ pS(·)ͱ͢ΔɽSk ͸ɼηϯλʔ Dk ͕ੜ੒͢Δൿີ৘ใ sk ʹରԠ͢Δ֬཰ม਺ͱͳΔɽಉ༷ʹɼηϯλʔड৴৘ใ
vk,k′ , 1 ≤ k ≤ nS , 1 ≤ k′ ≤ nD ʹର͢Δ֬཰ม਺Λ Vk,k′ɼηϯλʔهԱ৘ใ vk, 1 ≤ k ≤ nD ʹର͢Δ֬཰ม਺Λ VkɼϢʔβड৴৘ใ uk,i, 1 ≤ k ≤ nD,
1 ≤ i ≤ nP ʹର͢Δ֬཰ม਺Λ Uk,iɼϢʔβهԱ৘ใ ui, 1 ≤ i ≤ nP ʹର͢Δ֬཰ม਺Λ Uiɼάϧʔϓ
Aj , 1 ≤ j ≤
(
n
t
)ͷݤ kj ʹର͢Δ֬཰ม਺Λ Kj ͱ͢Δɽ·ͨɼ؆୯ʹ͢ΔͨΊ
UDi,i =
(
Ui1,i, Ui2,i, . . . , UinU ,i
)ͱ͓͘ɽ
3.2 t-KDSʹର͢Δ߈ܸͷԾఆ
t-KDSʹର͢Δ߈ܸऀɼٴͼ߈ܸऀ͕ར༻Մೳͳ৘ใΛ࣍ͷΑ͏ʹఆٛ͢Δɽ߈ܸऀΛɼ೚ҙͷෳ਺ͷηϯλʔ (ҎԼͰ͸݁ୗηϯλʔͱݺͿ)
X = {Dk1 ,Dk2 , . . . ,Dk|X|
} ⊂ DͱϢʔβ (ҎԼͰ͸݁ୗϢʔβͱݺͿ)
Y = {Pi1 ,Pi2 , . . . ,Pi|Y|
} ⊂ P.ͱ͢Δɽ·ͨɼར༻Մೳ৘ใΛ߈ܸऀ͕ t-KDSʹ͓͍ͯਖ਼نʹಘΔ͜ͱ͕Ͱ͖Δશͯͷ৘ใɼ
U (Y) =
(
UDi1 ,i1 , UDi2 ,i2 , · · · , UDi|Y| ,i|Y|
)
,
V (X ) = (V1,X , V2,X , · · · , VnS ,X ) ,ٴͼ DS ͷҰ෦͔Β࿙͍͑ͨ͠ൿີ৘ใɼ
S (XS) =
(
Sl1 , Sl2 , · · · , Sl|XS |
)ͱ͢Δɽ͜͜Ͱɼ
XS =
{
Dl1 ,Dl2 , · · · ,Dl|XS |
}
⊂ DS
Vk,X =
(
Vk,k1 , Vk,k2 , · · · , Vk,k|X|
)
,
k = 1, 2, . . . , nSͱ͓͍ͨɽҎ߱ɼXS Λ࿙͍͑ηϯλʔͱݺͿɽ஫ҙ 1. ैདྷͷ߈ܸϞσϧͰ͸ɼV (X )ͷ୅ΘΓʹ
(
Vk′1,X , Vk′2,X , · · · , Vk′|DS\X|,X
)ΛɼS (XS)ͷ୅ΘΓʹ
(
Sk′′1
, Sk′′2
, · · · , Sk′′|X∩DS |
)
5鍵配送センターからの情報漏えい耐性がある情報量的に安全な鍵事前配布方式についてΛ༻͍ͨϞσϧΛԾఆ͍ͯ͠Δɽ͜͜Ͱɼ
DS\X = {D | D ∈ DS ,D /∈ X}
=
{
Dk′1 ,Dk′2 , . . . ,Dk′|DS\X|
}
,
X ∩ DS =
{
Dk′′1
,Dk′′2
, . . . ,Dk′′|X∩DS |
}
ͱ͓͍ͨɽ ˘
4 ৘ใ࿙͍͑Λߟྀ͖͍ͨ͠͠஋ܕ҆શੑͷఆٛ
t-KDSͷ҆શੑͷධՁج४͸ɼΤϯτϩϐʔٴͼ৚݅෇͖ΤϯτϩϐʔΛ༻͍ͯఆٛ͞ΕΔɽຊߘͰ΋ैདྷͱಉ༷ʹɼΤϯτϩϐʔٴͼ৚݅෇͖ΤϯτϩϐʔΛ༻͍ͯ҆શੑΛఆٛ͢ΔɽຊߘͰ৽ͨʹఆٛ͢Δ t-KDSͷ҆શੑ͸ɼ೚ҙͷ͖͍͠஋mSɼmD, mP ʹରͯ͠ɼmS ҎԼͷ࿙͍͑ηϯλʔ͔Βൿີ৘ใ͕࿙͍͑͠ɼ݁ୗ਺͕ mD ҎԼͷ݁ୗηϯλʔͱmP ҎԼͷ݁ୗϢʔβ͕݁ୗͯ͠΋ɼ݁ୗϢʔβ͕ଐ͍ͯ͠ͳ͍೚ҙͷάϧʔϓͷݤʹؔ͢Δ৘ใ͕શ͘ӮΕͳ͍͜ͱΛอূ͢Δɽ߈ܸର৅ͷݤΛڞ༗͢Δάϧʔϓʹ͸݁ୗϢʔβ͕ 1ਓ΋ଐ͞ͳ͍͜ͱʹͳΔͷͰɼ݁ୗϢʔβ͸࠷େͰ nP − tਓ·Ͱߟ͑ΒΕΔɽ࿙͍͑ηϯλʔ͕ nS ݸɼ͢ͳΘͪ
XS = DS ʹͳΔͱηϯλʔ͕ੜ੒͢Δ nS ݸͷൿີ৘ใ͕શͯ߈ܸऀʹ஌ΒΕΔ͜ͱʹͳΔͷͰɼ࿙͍͑ηϯλʔ਺͸࠷େͰ nS − 1ͱͳΔɽ·ͨɼ݁ୗηϯλʔX ͕ nU ݸʹͳΔͱɼఆٛ 1ͷ Step4ɾStep5ΑΓɼ߈ܸର৅ͷݤΛڞ༗͢Δάϧʔϓʹଐ͢ΔϢʔβΛؚΊͨ೚ҙͷϢʔβهԱ৘ใΛ݁ୗηϯλʔX ͕ੜ੒Ͱ͖ΔͨΊɼ݁ୗηϯλʔͷ਺͸࠷େͰ nU − 1ͱͳΔɽ͕ͨͬͯ͠ɼ্هͷΑ͏ͳ҆શੑΛอূ͢ΔͨΊʹ͸ɼmS < nSɼmD < nUɼmP ≤ nP − t Λຬͨ͢ඞཁ͕͋Δɽఆٛ 2. mS < nSɼmD < nUɼmP + t ≤ nP Λຬͨ͢ඇෛ੔਺mSɼmDɼmPɼtʹର͠ɼҎԼͷ৚݅ (C1), (C2)Λຬͨ͢ t-KDSΛ (mS ,mD,mP , t)-
KDS ͱݺͿɽ
(C1) ೚ҙͷάϧʔϓAjʹ͓͚Δ೚ҙͷϢʔβPji ∈
Aj ʹର͠ɼ
H (Kj | Uji) = 0 (21)͕੒ཱ͢Δɽ
(C2) |XS | ≤ mS , |X | ≤ mDɼ|Y| ≤ mPɼY∩Aj =
∅ Λຬͨ͢೚ҙͷ࿙͍͑ηϯλʔ XSɼ݁ୗηϯ
λʔ Xɼ݁ୗϢʔβ Yɼٴͼ೚ҙͷάϧʔϓAjʹରͯ͠ɼ
H (Kj | U (Y) , V (X ) , S (XS)) = H (Kj) (22)͕੒ཱ͢Δɽ ˘஫ҙ 2. ηϯλʔ͕ 1 ݸͷ t-KDS ʹର͢Δ͖͍͠஋ܕ҆શੑ [3] ͸ɼ(mS ,mD,mP , t)-KDS ʹ͓͍ͯ
nD = nS = 1, mS = mD = 0 ͱͨ͠ͱ͖ͷ҆શੑͱ౳ՁʹͳΔɽ·ͨɼ্هҎ֎ͷύϥϝʔλ͸೚ҙͷ஋ΛͱΔɽಉ༷ʹɼෳ਺ͷηϯλʔΛ༻͍ͨ t-
KDS ʹର͢Δ͖͍͠஋ܕ҆શੑ [4] ͸ɼnD = nSɼ
mD = mS = nU−1ɼXS = X ͷͱ͖ʹ౳ՁͳఆٛͱͳΔɽ·ͨɼ͜ͷ҆શੑΛຬͨ͢ߏ੒๏ʹରͯ͠ɼηϯλʔؒͷ௨৴ʹ͓͚Δ֤ηϯλʔDk, 1 ≤ k ≤ nD ΁ͷ૯௨৴ྔΛ࡟ݮͨ͠վྑܕߏ੒๏͕ఏҊ͞Ε͍ͯΔ͕
[5]ɼ͜ͷߏ੒๏͸ɼnU = nSɼmD = mS = nU − 1ɼ
XS = X ∩ DS ͷͱ͖ͷ t-KDSʹର͢Δ҆શੑΛอূ͍ͯ͠Δ͜ͱʹͳΔɽΑͬͯɼఆٛ 2ͷ t-KDSʹର͢Δ҆શੑ͸ɼैདྷͷ t-KDSʹର͢Δ҆શੑΛҰൠԽͨ͠ఆٛʹͳ͍ͬͯΔɽ ˘
5 Լքͷಋग़ຊઅͰ͸ɼ2અͰఆٛͨ͠ (ms,mD,mP , t)-KDSʹ͓͚ΔϢʔβͱηϯλʔͷهԱ༰ྔɼηϯλʔؒͷ௨৴ʹ͓͚Δ֤ηϯλʔ΁ͷ૯௨৴ྔɼٴͼηϯλʔͱϢʔβؒͷ௨৴ʹ͓͚ΔϢʔβ΁ͷ૯௨৴ྔͷԼքΛͦΕͧΕಋग़͢Δɽ
5.1 ४උ֤ԼքΛಋग़͢ΔͨΊɼैདྷͱಉ༷ʹݤͷΤϯτϩϐʔH (Kj) ʹରͯ͠ҎԼͷΑ͏ͳԾఆΛ͓͘ɽԾఆ 1. ೚ҙͷάϧʔϓAj ∈ A (P, t) ͷݤKj ʹରͯ͠ɼ
H (Kj) = H (K) (23)ͱͳΔɽ͜͜ͰɼK ͸ Kͷ্ʹ஋ΛͱΔ֬཰ม਺ͱͨ͠ɽ ˘·ͨɼ֤Լքͷಋग़ʹ͓͍ͯҎԼͷ 2ͭͷิ୊Λ༻͍Δɽิ୊ 1. N ≥ 2 Λຬͨ͢ɼ೚ҙͷ N + 1 ݸͷ֬཰ม਺ X1, X2, · · · , XN , Y ʹରͯ͠ɼ֬཰ม਺ͷྻ
X1, X2, · · · , XN ͕Ϛϧίϑ࿈࠯Λͳ͢ɼ͢ͳΘͪɼ
X1 → X2 → · · · → XN (24)
6商　　大　　論　　集ͳΒ͹ɼ
H (X1 | X2) ≤ H (X1 | XN ) , (25)
H (X1 | X2, Y ) ≤ H (X1 | XN , Y ) (26)͕੒ཱ͢Δɽ ˘ʢূ໌ʣΤϯτϩϐʔٴͼ૬ޓ৘ใྔͷجຊతੑ࣭Λ༻͍Δ͜ͱͰɼ͜ͷิ୊Λূ໌͢Δɽ૬ޓ৘ใྔͷඇෛੑʢఆཧ 5ʣͱνΣΠϯଇʢఆཧ 7ʣΑΓɼ
I
(
X1;X
N
2
) ≥ I (X1;XN ) (27)͕੒Γཱͭɽ·ͨɼX1, X2, · · · , XN ͕Ϛϧίϑ࿈࠯Λͳ͍ͯ͠ΔͷͰɼ
I
(
X1;X
N
2
)
= I (X1;X2) (28)͕੒Γཱͭɽࣜ (27)ͱࣜ (28)ΑΓɼ
I (X1;X2) ≥ I (X1;XN ) (29)͕੒Γཱͪɼ૬ޓ৘ใྔͷఆٛΑΓࣜ (29)͸ɼ
H (X1)−H (X1 | X2)
≥ H (X1)−H (X1 | XN ) (30)ͱͳΓɼ
H (X1 | X2) ≤ H (X1 | XN ) (31)͕ಘΒΕΔɽಉ༷ʹͯ͠ɼ
H (X1 | X2, Y ) ≤ H (X1 | XN , Y ) (32)΋ূ໌Ͱ͖Δɽ ˘ิ୊ 2. ηYΛY∩A = ∅ͱͳΔάϧʔϓA ∈ A (P, t)ͷ૯਺ͱ͢Δɽ೚ҙͷ (mS ,mD,mP , t)-KDSʹ͓͍ͯɼ|XS | ≤ mS , |X | ≤ mD, |Y| ≤ mPɼY∩A∗ = ∅ɼ
Y ∩ A∗ji = ∅, 1 ≤ i ≤ ηY Λຬͨ͢೚ҙͷ࿙͍͑ηϯλʔ XSɼ݁ୗηϯλʔ Xɼ݁ୗϢʔβ Y, ٴͼ೚ҙͷάϧʔϓ A∗,A∗ji ∈ A(P, t), 1 ≤ i ≤ ηY ʹର͠ɼ
H
(
K∗ | K∗j1 , · · · ,K∗jη′ , V (X ) , S (XS)
)
= H (K∗) , η′≤ηY͕੒ཱ͢Δɽ͜͜ͰɼK∗͓ΑͼK∗ji , 1 ≤ i ≤ ηY ΛɼͦΕͧΕάϧʔϓ A∗ɼA∗ji , 1 ≤ i ≤ ηY ͷݤʹରԠ͢Δ֬཰ม਺ͱͨ͠ɽ ˘ʢূ໌ʣ͜ͷิ୊͸ɼิ୊ 1Λ༻͍Δ͜ͱͰূ໌͞ΕΔɽఆٛ 2ͷ৚݅ (C2)ΑΓɼ೚ҙͷ (mS ,mD,mP , t)-
KDSʹରͯ͠ɼ
H (K∗ | U (Y) , V (X ) , S (XS)) = H (K∗) (33)
͕੒Γཱͭɽ·ͨɼY ∩ A∗ji = ∅, 1 ≤ i ≤ ηY Ͱ͋Δ͜ͱɼٴͼ t-KDSͷఆٛ (ఆٛ 1) ΑΓɼ֬཰ม਺(
Ui1 , Ui2 , · · · , Ui|Y|
)
,
(
K∗j1 ,K
∗
j2
, · · · ,K∗jηY
)͸ɼద౰ͳؔ਺ ϕ2, ϕ3 Λ༻͍ͯɼ
(
Ui1 , Ui2 , · · · , Ui|Y|
)
= ϕ2 (U (Y)) ,(
K∗j1 ,K
∗
j2 , · · · ,K∗jηY
)
= ϕ3
(
Ui1 , Ui2 , · · · , Ui|Y|
)ͱද͢͜ͱ͕Ͱ͖ΔɽΑͬͯɼࣜ (13)ͷؔ܎ੑ͔Βɼ
K∗ → U (Y)
→ (Ui1 , Ui2 , · · · , Ui|Y|
)
→
(
K∗j1 ,K
∗
j2 , · · · ,K∗jη′
)
, η′ ≤ ηY (34)͕੒ΓཱͭͷͰɼη′ ≤ ηY ʹରͯ͠ɼ
X1 = K
∗,
X2 = U (Y) ,
X3 =
(
Ui1 , Ui2 , · · · , Ui|Y|
)
,
X4 =
(
K∗j1 ,K
∗
j2 , · · · ,K∗jη′
)
,
Y = (V (X ) , S (XS))ͱ͓͘ͱิ୊ 1͕ͦΕͧΕద༻Ͱ͖ɼ
H (K∗)
≥ H
(
K∗ | K∗j1 ,K∗j2 , · · · ,K∗jη′ , V (X ) , S (XS)
)
≥ H (K∗ | U (Y) , V (X ) , S (XS)) , η′ ≤ ηY (35)͕੒Γཱͭɽ͜͜Ͱɼ1൪໨ͷෆ౳߸͸૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣΛ༻͍ͨɽࣜ (33)ͱࣜ (35)ΑΓɼ
H
(
K∗ | K∗j1 , · · · ,K∗jη′ , V (X ) , S (XS)
)
= H (K∗) , η′≤ηY (36)ΛಘΔɽ ˘
5.2 هԱ༰ྔͷԼք֤ηϯλʔٴͼ֤ϢʔβͷهԱ༰ྔ͸ैདྷͷఆٛͱಉ༷ʹɼͦΕͧΕηϯλʔهԱ৘ใͷΤϯτϩϐʔ
H (Vk) , 1 ≤ k ≤ nDɼϢʔβهԱ৘ใͷΤϯτϩϐʔH (Ui) , 1 ≤ i ≤ nP ͱͯ͠ఆٛ͢Δɽఆཧ 9. Ծఆ 1ɼٴͼ nU = mD + 1Λຬͨ͢೚ҙͷ
(mS ,mD, mP , t)-KDSʹ͓͍ͯɼ
H (Vk) ≥
(
mP + t
t
)
H (K) , 1 ≤ k ≤ nD (37)͕੒ཱ͢Δɽ ˘
7鍵配送センターからの情報漏えい耐性がある情報量的に安全な鍵事前配布方式についてʢূ໌ʣ·ͣɼ|J | = mP+tΛຬͨ͢೚ҙͷू߹J ⊂ PΛఆΊΔɽ͜ͷ J ʹରͯ͠ɼ
N (J ) = {A | A ⊂ J , |A| = t} (38)ͱ͠ɼN (J )಺ͷάϧʔϓ Aj ͷΠϯσοΫε j Λ
N (J ) = {A1,A2, · · · ,A(mP ,t)
}
(39)ͱͯ͠ΠϯσοΫεΛ෇͚௚͢ɽ͜͜Ͱɼ
(mP , t) =
(
mP + t
t
)
(40)ͱͨ͠ɽҎޙɼ(39) ͷΑ͏ʹ৽ͨʹ෇͚௚ͨ͠ΠϯσοΫεΛ༻͍Δ͜ͱͱ͠ɼݤKj ʹ͍ͭͯ΋ಉ༷ͷΠϯσοΫεΛ༻͍Δɽ࣍ʹɼDk /∈ X (k), |X (k)| = mD Λຬͨ͢೚ҙͷ݁ୗηϯλʔΛ
X (k) =
{
Dk1 ,Dk2 , · · · ,DkmD
}
⊂ D (41)ͱఆΊΔͱɼηϯλʔ Dk ʹඞཁͳهԱ༰ྔ H (Vk)ʹؔͯ͠ɼ
H (Vk)
≥ H
(
Vk | Vk1 , Vk2 , · · · , VkmD
)
= H
(
K
(mP ,t)
1 | Vk1 , · · · , VkmD
)
−H
(
K
(mP ,t)
1 | Vk, Vk1 , · · · , VkmD
)
+H
(
Vk | K(mP ,t)1 , Vk1 , · · · , VkmD
)
≥ H
(
K
(mP ,t)
1 | Vk1 , · · · , VkmD
)
−H
(
K
(mP ,t)
1 | Vk, Vk1 , · · · , VkmD
)
≥ H
(
K
(mP ,t)
1 | Vk1 , · · · , VkmD
)
−
(mP ,t)∑
j=1
H
(
Kj |Vk, Vk1 , · · · , VkmD
)
(42)͕੒ཱ͢Δɽ͜͜Ͱɼ1൪໨ͷෆ౳߸͸૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣɼ౳߸͸૬ޓ৘ใྔͷରশੑʢఆཧ
4ʣɼ2൪໨ͷෆ౳߸͸Τϯτϩϐʔͷඇෛੑʢఆཧ 1ʣɼ
3൪໨ͷෆ౳߸͸ΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣٴͼ૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣΛͦΕͧΕ༻͍ͨɽఆٛ 1ΑΓɼ֬཰ม਺ (Vk1 , Vk2 , · · · , VkmD)͸ద౰ͳؔ਺ ϕ2 Λ༻͍ͯɼ
(
Vk1 , Vk2 , · · · , VkmD
)
= ϕ2
(
V
(
X (k)
))ͱද͢͜ͱ͕Ͱ͖ΔͷͰɼࣜ (13)ͷؔ܎ੑ͔Βɼ
K
(mP ,t)
1 → V
(
X (k)
)
→
(
Vk1 , Vk2 , · · · , VkmD
)
(43)
͕੒Γཱͭɽ͕ͨͬͯ͠ɼ
X1 = K
(mP ,t)
1 ,
X2 = V
(
X (k)
)
,
X3 =
(
Vk1 , Vk2 , · · · , VkmD
)ͱ͓͘͜ͱͰɼิ୊ 1͕ద༻Ͱ͖ɼ
H
(
K
(mP ,t)
1 | Vk1 , · · · , VkmD
)
≥ H
(
K
(mP ,t)
1 | V
(
X (k)
))
(44)͕੒ཱ͢Δɽಉ༷ʹఆٛ 1ΑΓɼ
nU = mD + 1ʹ஫ҙ͢Δͱɼ೚ҙͷ Pi ʹର͠ɼ2 ͭͷ֬཰ม਺(
Uk,i, Uk1,i, · · · , UkmD ,i
)
, Ui ͸ద౰ͳؔ਺ ϕ2, ϕ3Λ༻͍ͯɼͦΕͧΕɼ
(
Uk,i, Uk1,i, Uk2,i, · · · , UkmD ,i
)
= ϕ2
(
Vk, Vk1 , Vk2 , · · · , VkmD
)
, (45)
Ui = ϕ3
(
Uk,i, Uk1,i, Uk2,i, · · · , UkmD ,i
)
(46)ͱද͢͜ͱ͕Ͱ͖ΔɽΑͬͯɼࣜ (13)ͷؔ܎ੑ͔Βɼ
1 ≤ j ≤ (mP , t)ʹର͠ɼ
Kj →
(
Vk, Vk1 , · · · , VkmD
)
→
(
Uk,i, Uk1,i, · · · , UkmD ,i
)
→ Ui (47)͕੒ΓཱͭͷͰɼ1 ≤ j ≤ (mP , t)ʹରͯ͠ɼ
X1 = Kj ,
X2 =
(
Vk, Vk1 , · · · , VkmD
)
,
X3 =
(
Uk,i, Uk1,i, · · · , UkmD ,i
)
,
X4 = Uiͱ͓͘͜ͱͰɼิ୊ 1͕ద༻Ͱ͖ɼ
H
(
Kj | Vk, Vk1 , · · · , VkmD
)
≤ H (Kj | Ui) , 1 ≤ j ≤ (mP , t) (48)͕੒ཱ͢Δɽ·ͨɼAj , 1 ≤ j ≤ (mP , t)ʹଐ͍ͯ͠Δ೚ҙͷϢʔβ Pji ∈ Aj ͸ɼϢʔβهԱ৘ใ Uji͔Βਖ਼͍͠Aj ͷݤKj Λੜ੒Ͱ͖ΔͷͰɼ
H (Kj | Uji) = 0, 1 ≤ j ≤ (mP , t) (49)
8商　　大　　論　　集͕੒ΓཱͭɽΑͬͯɼࣜ (48)ɼ(49)ɼٴͼΤϯτϩϐʔͷඇෛੑʢఆཧ 1ʣΑΓɼ
H
(
Kj | Vk, Vk1 , · · · , VkmD
)
= 0,
1 ≤ j ≤ (mP , t) (50)ΛಘΔͷͰɼࣜ (42), (44), (50)ΑΓɼ೚ҙͷ XS ⊆
DS , |XS | ≤ mS ʹର͠ɼ
H (Vk) ≥ H
(
K
(mP ,t)
1 | V
(
X (k)
))
≥ H
(
K
(mP ,t)
1 | V
(
X (k)
)
, S (XS)
)
,
1 ≤ k ≤ nD (51)͕੒Γཱͭɽ·ͨɼࣜ (51)ͷӈล͸ΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣΑΓɼ
H
(
K
(mP ,t)
1 | V
(
X (k)
)
, S (XS)
)
=
(mP ,t)∑
j=1
H
(
Kj | Kj−11 , V
(
X (k)
)
, S (XS)
)
(52)ͱͳΔͷͰɼ্ࣜͷӈลͷ֤߲ʹର͠ɼ
A∗ = Aj ,
X = X (k),
Y = J \Aj ,{
A∗j1 ,A∗j2 , · · · ,A∗jη′
}
= {A1,A2, · · · ,Aj−1} ,
1 ≤ j ≤ (mP , t),ͱ͓͘ͱɼY ∩ A∗ = ∅, Y ∩ A∗ji = ∅, 1 ≤ i ≤ η′,
|XS | ≤ mS , |X | = mD, |Y| = mP ͕੒Γཱͭɽ͕ͨͬͯ͠ɼ֤߲Ͱิ୊ 2͕ͦΕͧΕద༻Ͱ͖ɼ
(mP ,t)∑
j=1
H
(
Kj | Kj−11 , V (X ) , S (XS)
)
=
(mP ,t)∑
j=1
H (Kj)
= (mP , t)H (K) (53)ΛಘΔɽ࠷ޙͷ౳߸͸Ծఆ 1ΑΓಋ͔ΕΔɽ͕ͨͬͯ͠ɼࣜ (51)ɼ(52)ɼ(53)ΑΓɼ
H (Vk) ≥ (mP , t)H (K)
=
(
mP + t
t
)
H (K) , 1 ≤ k ≤ nD͕੒ཱ͠ɼఆཧ͕ূ໌͞ΕΔɽ ˘
5.2.1 ϢʔβͷهԱ༰ྔͷԼքఆཧ 10. Ծఆ 1Λຬͨ͢೚ҙͷ (mS ,mD, mP , t)-
KDSʹ͓͍ͯɼ
H (Ui) ≥
(
mP + t− 1
t− 1
)
H (K) , 1 ≤ i ≤ nP (54)͕੒ཱ͢Δɽ ˘ʢূ໌ʣ೚ҙͷϢʔβ Pi ʹର͠ɼPi /∈ I(i), ∣∣I(i)∣∣ =
mP + t − 1Λຬͨ͢೚ҙͷू߹ I(i) ⊂ P ΛఆΊΔɽ͜ͷ I(i) ʹରͯ͠ɼ
M
(
I(i)
)
=
{
A′ ∪ {Pi} | A′ ⊂ I(i), |A′| = t− 1
}ͱ͠ɼM (I(i))಺ͷάϧʔϓAjͷΠϯσοΫε jΛ
M
(
I(i)
)
=
{A1,A2, · · · ,Aρ(mP ,t)
}
(55)ͱͯ͠ΠϯσοΫεΛ෇͚௚͢ɽ͜͜Ͱɼ
ρ(mP , t) =
(
mP + t− 1
t− 1
)
(56)ͱͨ͠ɽҎޙɼࣜ (55)ͷΑ͏ʹ৽ͨʹ෇͚௚ͨ͠ΠϯσοΫεΛ༻͍Δ͜ͱͱ͠ɼݤKj ʹ͍ͭͯ΋ಉ༷ͷΠϯσοΫεΛ༻͍ΔɽΑͬͯɼϢʔβ PiͷهԱ༰ྔH (Ui)ʹؔͯ͠ɼ
H (Ui) = H
(
K
ρ(mP ,t)
1
)
−H
(
K
ρ(mP ,t)
1 | Ui
)
+H
(
Ui | Kρ(mP ,t)1
)
≥ H
(
K
ρ(mP ,t)
1
)
−
ρ(mP ,t)∑
j=1
H (Kj | Ui)
= H
(
K
ρ(mP ,t)
1
)
=
ρ(mP ,t)∑
j=1
H
(
Kj | Kj−11
)
(57)͕੒ཱ͢Δɽ͜͜Ͱɼ1൪໨ͷ౳߸͸૬ޓ৘ใྔͷରশੑ (ఆཧ 4)ɼ1൪໨ͷෆ౳߸͸Τϯτϩϐʔɼٴͼ૬ޓ৘ใྔͷඇෛੑ (ఆཧ 1ɼఆཧ 6) ͱΤϯτϩϐʔͷνΣΠϯଇ (ఆཧ 3)ɼ2൪໨ͷ౳߸͸੍໿৚݅ (C1)ɼ
3൪໨ͷ౳߸͸ΤϯτϩϐʔͷνΣΠϯଇ (ఆཧ 3)Λ༻͍ͨɽ·ͨɼ૬ޓ৘ใྔͷඇෛੑ (ఆཧ 6)ʹΑΓɼ
|XS | ≤ mSΛຬͨ͢೚ҙͷ࿙͍͑ηϯλʔXS ⊂ DSɼٴͼ |X | ≤ mD Λຬͨ͢೚ҙͷ݁ୗηϯλʔ X ⊂ Dʹରͯ͠ɼ
ρ(mP ,t)∑
j=1
H
(
Kj | Kj−11
)
≥
ρ(mP ,t)∑
j=1
H
(
Kj | Kj−11 , V (X ) , S (XS)
)
(58)
9鍵配送センターからの情報漏えい耐性がある情報量的に安全な鍵事前配布方式について͕੒ΓཱͭɽΑͬͯɼࣜ (57), (58)ΑΓɼ
H (Ui)
≥
ρ(mP ,t)∑
j=1
H
(
Kj | Kj−11 , V (X ) , S (XS)
)
(59)ΛಘΔɽ࣍ʹɼࣜ (59)ͷ֤߲ʹର͠ɼ
A∗ = Aj ,
Y = I(i)\Aj ,{
A∗j1 ,A∗j2 , · · · ,A∗jη′
}
= {A1,A2, · · · ,Aj−1} ,
1 ≤ j ≤ ρ(mP ,t)ͱ͓͘ͱɼPi /∈ I(i)͔ͭPi ∈ AjͳͷͰɼY∩A∗ = ∅,
Y ∩ A∗ji = ∅, 1 ≤ i ≤ η′, |XS | ≤ mS , |X | ≤ mD
|Y| = mP ͕੒Γཱͭɽ͕ͨͬͯ͠ɼ֤߲Ͱิ୊ 2͕ͦΕͧΕద༻Ͱ͖ɼ
ρ(mP ,t)∑
j=1
H
(
Kj | Kj−11 , V (X ) , S (XS)
)
=
ρ(mP ,t)∑
j=1
H (Kj)
= ρ(mP , t)H (K) (60)ΛಘΔɽ࠷ޙͷ౳߸͸ɼԾఆ 1ΑΓಋ͔ΕΔɽ͕ͨͬͯ͠ɼࣜ (59), (60)ΑΓɼ
H (Ui) ≥
(
mP + t− 1
t− 1
)
H (K) , 1 ≤ i ≤ nP , (61)͕੒ཱ͠ɼఆཧ͕ূ໌͞ΕΔɽ ˘஫ҙ 3. ఆཧٴͼఆཧͰࣔͨ͠ (mS ,mD,mP , t)-KDSʹ͓͚ΔηϯλʔٴͼϢʔβͷهԱ༰ྔͷԼք͸ɼैདྷͷ͖͍͠஋ܕ҆શੑΛ༗͢Δ t-KDS ʹ͓͚Δ֤Լք [4, 5]ͱಉ͡ܗʹͳΔɽ ˘
5.3 ௨৴ྔͷԼքຊߘͰ͸ɼηϯλʔؒͷ௨৴ʹ͓͚Δ֤ηϯλʔ΁ͷ૯௨৴ྔɼٴͼηϯλʔͱϢʔβؒͷ௨৴ʹ͓͚ΔϢʔβ΁ͷ૯௨৴ྔΛɼηϯλʔ͕ड৴͢Δશͯͷηϯλʔड৴৘ใͷΤϯτϩϐʔ
H (VDS ,k) = H (V1,k, V2,k, · · · , VnS ,k) ,
1 ≤ k ≤ nDɼ(62)Ϣʔβ͕ड৴͢ΔશͯͷϢʔβड৴৘ใͷΤϯτϩϐʔ
H (UDi,i) = H
(
Ui1,i, Ui2,i, · · · , UinU ,i
)
,
1 ≤ i ≤ nP (63)ͱͯͦ͠ΕͧΕఆٛ͢Δɽ
5.3.1 ηϯλʔؒͷ௨৴ʹ͓͚Δ֤ηϯλʔ΁ͷ૯௨৴ྔͷԼքఆཧ 11. Ծఆ 1ɼnS = mS + 1ɼnU = mD + 1Λຬͨ͢೚ҙͷ (mS ,mD, mP , t)-KDSʹ͓͍ͯɼ
H (VDS ,k) ≥ (mS + 1)
(
mP + t
t
)
H (K) ,
1 ≤ k ≤ nD (64)͕੒ཱ͢Δɽ ˘ʢূ໌ʣ·ͣɼ|J | = mP+tΛຬͨ͢೚ҙͷू߹J ⊂ PΛఆΊΔɽ͜ͷ J ʹରͯ͠ɼ
N (J ) = {A | A ⊂ J , |A| = t} (65)ͱ͠ɼN (J )಺ͷάϧʔϓAj ͷΠϯσοΫε j Λ
N (J ) = {A1,A2, · · · ,Aν(mP ,t)
}
(66)ͱͯ͠ΠϯσοΫεΛ෇͚௚͢ɽ͜͜Ͱɼ
ν(mP , t) =
(
mP + t
t
)
(67)ͱͨ͠ɽҎޙɼࣜ (66)ͷΑ͏ʹ৽ͨʹ෇͚௚ͨ͠ΠϯσοΫεΛ༻͍Δ͜ͱͱ͠ɼݤKj ʹ͍ͭͯ΋ಉ༷ͷΠϯσοΫεΛ༻͍Δɽ࣍ʹɼDk /∈ X (k) Λຬͨ͢ηϯλʔͷू߹
X (k) =
{
Dk1 ,Dk2 , · · · ,DkmD
}
⊂ Dͱ Dj /∈ X (j) Λຬͨ͢ηϯλʔͷू߹
X (j)S = {D1, · · · ,Dj−1,Dj+1, · · · ,DnS} ⊂ DS ,
1 ≤ j ≤ nSΛఆΊΔɽఆٛ 1ΑΓɼ֬཰ม਺ (V1,k, · · · , Vj−1,k)͸ɼద౰ͳؔ਺ ϕ2 Λ༻͍ͯɼ
(V1,k, · · · , Vj−1,k) = ϕ2
(
S
(
X (j)S
))
(68)ͱද͢͜ͱ͕Ͱ͖ΔɽΑͬͯɼࣜ (13)ͷؔ܎ੑ͔Βɼ
1 ≤ j ≤ nS ʹର͠ɼ
Vj,k → S
(
X (j)S
)
→ (V1,k, · · · , Vj−1,k) (69)͕੒ΓཱͭͷͰɼ1 ≤ j ≤ nS ʹରͯ͠ɼ
X1 = Vj,k,
X2 = S
(
X (j)S
)
,
X3 = (V1,k, · · · , Vj−1,k) ,
Y = V
(
X (k)
)
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商　　大　　論　　集ͱ͓͘͜ͱͰɼิ୊ 1͕ద༻Ͱ͖ɼηϯλʔDk ΁ͷ૯௨৴ྔH (VDS ,k)ʹؔͯ͠ɼ
H (VDS ,k)
≥ H
(
V1,k, · · · , VnS ,k | V
(
X (k)
))
=
nS∑
j=1
H
(
Vj,k | V
(
X (k)
)
, V1,k, · · · , Vj−1,k
)
≥
nS∑
j=1
H
(
Vj,k | V
(
X (k)
)
, S
(
X (j)S
))
(70)͕੒Γཱͭɽ͜͜Ͱɼ1൪໨ͷෆ౳߸͸૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣɼ౳߸͸ΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣɼ2൪໨ͷෆ౳߸͸ิ୊ 1ΛͦΕͧΕ༻͍ͨɽ·ͨɼࣜ (70)ͷ֤߲ʹରͯ͠ɼ
H
(
Vj,k | V
(
X (k)
)
, S
(
X (j)S
))
= H
(
K
ν(mP ,t)
1 | V
(
X (k)
)
, S
(
X (j)S
))
−H
(
K
ν(mP ,t)
1 | Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
+H
(
Vj,k | Kν(mP ,t)1 , V
(
X (k)
)
, S
(
X (j)S
))
≥ H
(
K
ν(mP ,t)
1 | V
(
X (k)
)
, S
(
X (j)S
))
−H
(
K
ν(mP ,t)
1 | Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
≥ H
(
K
ν(mP ,t)
1 | V
(
X (k)
)
, S
(
X (j)S
))
−
ν(mP ,t)∑
l=1
H
(
Kl | Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
(71)͕੒Γཱͭɽ͜͜Ͱɼ1൪໨ͷ౳߸͸૬ޓ৘ใྔͷରশੑʢఆཧ 4ʣɼ1൪໨ͷෆ౳߸͸Τϯτϩϐʔͷඇෛੑʢఆཧ 1ʣɼ2൪໨ͷෆ౳߸͸ΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣٴͼ૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣΛ༻͍ͨɽ·ͨɼఆٛ 1ͱԾఆ nU = mD + 1ΑΓɼ೚ҙͷ
Piʹର͠ɼ3ͭͷ֬཰ม਺(Vk, Vk1 , Vk2 , · · · , VkmD),(
Uk,i, Uk1,i, Uk2,i, · · · , UkmD ,i
)
, Ui͸ద౰ͳؔ਺ϕ2,
ϕ3, ϕ4 Λ༻͍ͯɼͦΕͧΕɼ
(
Vk, Vk1 , Vk2 , · · · , VkmD
)
= ϕ2
(
Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
, (72)
(
Uk,i, Uk1,i, Uk2,i, · · · , UkmD ,i
)
= ϕ3
(
Vk, Vk1 , Vk2 , · · · , VkmD
)
, (73)
Ui = ϕ4
(
Uk,i, Uk1,i, Uk2,i, · · · , UkmD ,i
)
(74)
ͱද͢͜ͱ͕Ͱ͖ΔɽΑͬͯɼࣜ (13)ͷؔ܎ੑ͔Βɼ
1 ≤ l ≤ ν(mP , t)ʹର͠ɼ
Kl →
(
Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
→
(
Vk, Vk1 , · · · , VkmD
)
→
(
Uk,i, Uk1,i, · · · , UkmD ,i
)
→ Ui (75)͕੒ΓཱͭͷͰɼ1 ≤ l ≤ ν(mP , t)ʹରͯ͠ɼ
X1 = Kl,
X2 =
(
Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
,
X3 =
(
Vk, Vk1 , Vk2 , · · · , VkmD
)
,
X4 =
(
Uk,i, Uk1,i, · · · , UkmD ,i
)
,
X5 = Uiͱ͓͘͜ͱͰɼิ୊ 1͕ద༻Ͱ͖ɼ
H (Kl | Ui)
≥ H
(
Kl | Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
,
1 ≤ l ≤ ν(mP , t) (76)͕੒ཱ͢Δɽ·ͨఆٛ 2ΑΓ೚ҙͷPi ∈ Alʹରͯ͠ɼ
H (Kl | Ui) = 0 (77)ͱͳΔͷͰɼࣜ (76), (77)ɼٴͼΤϯτϩϐʔͷඇෛੑʢఆཧ 1ʣ͔Βɼ1 ≤ l ≤ ν(mP , t)ʹରͯ͠ɼ
H
(
Kl | Vj,k, V
(
X (k)
)
, S
(
X (j)S
))
= 0 (78)͕੒ΓཱͭɽΑͬͯɼࣜ (70), (71), (78)ɼٴͼΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣΑΓɼ
H (VDS ,k)
≥
nS∑
j=1
H
(
K
ν(mP ,t)
1 | V
(
X (k)
)
, S
(
X (j)S
))
=
nS∑
j=1
ν(mP ,t)∑
l=1
H
(
Kl | Kl−11 , V
(
X (k)
)
, S
(
X (j)S
))
(79)ΛಘΔɽ͜͜Ͱɼࣜ (79)ͷ֤߲ʹର͠ɼ
A∗ = Al,
X = X (k),
XS = X (j)S ,
Y = J \Al,{
A∗l1 , , · · · ,A∗lη′
}
= {A1, · · · ,Al−1} ,
1 ≤ l ≤ ν(mP , t)
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|XS | = mS , |X | = mD, |Y| = mP ͕੒Γཱͭɽ͕ͨͬͯ͠ɼ֤߲Ͱิ୊ 2͕ͦΕͧΕద༻Ͱ͖Δɽ·ͨɼԾఆ 1ͱ nS = mS + 1Ͱ͋Δ͜ͱʹ஫ҙ͢Δͱɼࣜ
(79)͸
H (VDS ,k) ≥
nS∑
j=1
ν(mP ,t)∑
l=1
H (Kl)
= (mS + 1)
(
mP + t
t
)
H (K)(80)ͱͳΔɽ ˘
5.3.2 ηϯλʔͱϢʔβؒͷ௨৴ʹ͓͚ΔϢʔβ΁ͷ૯௨৴ྔఆཧ 12. Ծఆ 1ɼٴͼ nU = mD + 1Λຬͨ͢೚ҙͷ (mS ,mD, mP , t)-KDSʹ͓͍ͯɼ
H (UDi,i) ≥ (mD + 1)
(
mP + t− 1
t− 1
)
H (K) ,
1 ≤ i ≤ nP (81)͕੒ཱ͢Δɽ ˘ʢূ໌ʣ೚ҙͷϢʔβʔPiʹର͠ɼPi /∈ I(i), ∣∣I(i)∣∣ =
mP + t− 1 ͱͳΔΑ͏ʹू߹ I(i) ⊆ P ΛఆΊΔɽ͜ͷू߹ I(i) ʹରͯ͠ɼ
M
(
I(i)
)
=
{
A′ ∪ {Pi} | A′ ⊂ I(i), |A′| = t− 1
}ͱ͠ɼM (I(i))಺ͷάϧʔϓAjͷΠϯσοΫε jΛ
M
(
I(i)
)
=
{A1,A2, · · · ,Aµ(mP ,t)
}
, (82)ͱͯ͠ΠϯσοΫεΛ෇͚௚͢ɽ͜͜Ͱɼ
µ(mP , t) =
(
mP + t− 1
t− 1
)
(83)ͱͨ͠ɽҎޙɼ৽ͨʹ෇͚௚ͨ͠ΠϯσοΫεΛ༻͍Δ͜ͱͱ͠ɼݤKj ʹ͍ͭͯ΋ಉ༷ͷΠϯσοΫεΛ༻͍Δɽ࣍ʹɼϢʔβ Pi ͕બ୒ͨ͠ηϯλʔͷू߹
Di =
{
Di1 ,Di2 , · · · ,DinU
}ͱ Dij /∈ X (ij) Λຬͨ͢ηϯλʔͷू߹
X (ij) =
{
Di1 , · · · ,Dij−1 ,Dij+1 , · · · ,DinU
}
,
1 ≤ j ≤ nUΛఆΊΔɽఆٛ 1ΑΓɼ֬཰ม਺ (Ui1,i, · · · , Uij−1,i)͸ɼద౰ͳؔ਺ ϕ2 Λ༻͍ͯɼ
(
Ui1,i, · · · , Uij−1,i
)
= ϕ2
(
V
(
X (ij)
))
(84)
ͱද͢͜ͱ͕Ͱ͖ΔɽΑͬͯɼࣜ (13)ͷؔ܎ੑ͔Βɼ
1 ≤ j ≤ nU ʹର͠ɼ
Uij ,i → V
(
X (ij)
)
→ (Ui1,i, · · · , Uij−1,i
)
(85)͕੒ΓཱͭͷͰɼ1 ≤ j ≤ µ(mP , t)ʹରͯ͠ɼ
X1 = Uij ,i,
X2 = V
(
X (ij)
)
,
X3 =
(
Ui1,i, · · · , Uij−1,i
)ͱ͓͘͜ͱͰɼิ୊ 1͕ద༻Ͱ͖ɼ೚ҙͷ XS ⊆ DS ,
|XS | ≤ mS ʹର͠ɼ
H (UDi,i)
=
nU∑
j=1
H
(
Uij ,i | Ui1,i, · · · , Uij−1,i
)
≥
nU∑
j=1
H
(
Uij ,i | V
(
X (ij)
))
≥
nU∑
j=1
H
(
Uij ,i | V
(
X (ij)
)
, S (XS)
)
,
1 ≤ i ≤ nP (86)͕੒Γཱͭɽ͜͜Ͱɼ౳߸͸ΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣɼ1൪໨ͷෆ౳߸͸ิ୊ 1ɼ2൪໨ͷෆ౳߸͸૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣΛͦΕͧΕ༻͍ͨɽ·ͨɼࣜ (86)ͷ֤߲ʹରͯ͠ɼ
H
(
Uij ,i | V
(
X (ij)
)
, S (XS)
)
= H
(
K
µ(mP ,t)
1 | V
(
X (ij)
)
, S (XS)
)
−H
(
K
µ(mP ,t)
1 | Uij ,i, V
(
X (ij)
)
, S (XS)
)
+H
(
Uij ,i | Kµ(mP ,t)1 , V
(
X (ij)
)
, S (XS)
)
≥ H
(
K
µ(mP ,t)
1 | V
(
X (ij)
)
, S (XS)
)
−H
(
K
µ(mP ,t)
1 | Uij ,i, V
(
X (ij)
)
, S (XS)
)
≥ H
(
K
µ(mP ,t)
1 | V
(
X (ij)
)
, S (XS)
)
−
µ(mP ,t)∑
l=1
H
(
Kl | Uij ,i, V
(
X (ij)
)
, S (XS)
)
(87)͕੒Γཱͭɽ͜͜Ͱɼ1൪໨ͷ౳߸͸૬ޓ৘ใྔͷରশੑʢఆཧ 4ʣɼ1൪໨ͷෆ౳߸͸Τϯτϩϐʔͷඇෛੑʢఆཧ 1ʣɼ2൪໨ͷෆ౳߸͸ΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣٴͼ૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣΛ༻͍ͨɽ
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Piʹର͠ɼ2ͭͷ֬཰ม਺ UDi,i, Ui͸ద౰ͳؔ਺ ϕ2ͱϢʔβهԱ৘ใੜ੒ؔ਺ gm Λ༻͍ͯɼͦΕͧΕɼ
UDi,i = ϕ2
(
Uij ,i, V
(
X (ij)
))
, (88)
Ui = gm (UDi,i) (89)ͱද͢͜ͱ͕Ͱ͖ΔɽΑͬͯɼࣜ (13)ͷؔ܎ੑ͔Βɼ
1 ≤ l ≤ µ(mP , t)ʹର͠ɼ
Kl →
(
Uij ,i, V
(
X (ij)
))
→ UDi,i
→ Ui (90)͕੒ΓཱͭͷͰɼ1 ≤ l ≤ µ(mP , t)ʹରͯ͠ɼ
X1 = Kl,
X2 =
(
Uij ,i, V
(
X (ij)
))
,
X3 = UDi,i,
X4 = Ui,
Y = S (XS)ͱ͓͘͜ͱͰɼิ୊ 1͕ద༻Ͱ͖ɼ
H (Kl | Ui)
≥ H (Kl | Ui, S (XS)) ,
≥ H
(
Kl | Uij ,i, V
(
X (ij)
)
, S (XS)
)
,
1 ≤ l ≤ µ(mP , t) (91)͕੒ཱ͢Δɽ͜͜Ͱɼ1൪໨ͷෆ౳߸͸૬ޓ৘ใྔͷඇෛੑʢఆཧ 6ʣɼ2൪໨ͷෆ౳߸͸ิ୊ 1ΛͦΕͧΕ༻͍ͨɽ·ͨఆٛ 2ͱM (I(i))ͷఆٛΑΓɼ
H (Kl | Ui) = 0, 1 ≤ l ≤ µ(mP , t) (92)ͱͳΔͷͰɼࣜ (91), (92)ɼٴͼΤϯτϩϐʔͷඇෛੑʢఆཧ 1ʣ͔Βɼ1 ≤ l ≤ µ(mP , t)ʹରͯ͠ɼ
H
(
Kl | Uij ,i, V
(
X (ij)
)
, S (XS)
)
= 0 (93)͕੒ΓཱͭɽΑͬͯɼࣜ (86), (87), (93)ɼٴͼΤϯτϩϐʔͷνΣΠϯଇʢఆཧ 3ʣΑΓɼ
H (UDi,i)
≥
nU∑
j=1
H
(
K
µ(mP ,t)
1 | V
(
X (ij)
)
, S (XS)
)
=
nU∑
j=1
µ(mP ,t)∑
l=1
H
(
Kl | Kl−11 , V
(
X (ij)
)
, S (XS)
)
(94)
ΛಘΔɽ͜͜Ͱɼࣜ (94)ͷ֤߲ʹର͠ɼ
A∗ = Al,
X = X (ij),
Y = J \Al,{
A∗l1 , , · · · ,A∗lη′
}
= {A1, · · · ,Al−1} ,
1 ≤ l ≤ µ(mP , t)ͱ͓͘ͱɼY ∩ A∗ = ∅, Y ∩ A∗lk = ∅, 1 ≤ k ≤ η′,
|XS | ≤ mS , |X | = mD, |Y| = mP ͕੒Γཱͭɽ͕ͨͬͯ͠ɼ֤߲Ͱิ୊ 2͕ͦΕͧΕద༻Ͱ͖Δɽ·ͨɼԾఆ 1ͱ nU = mD +1Ͱ͋Δ͜ͱʹ஫ҙ͢Δͱɼࣜ
(94)͸
H (UDi,i)
≥
nU∑
j=1
µ(mP ,t)∑
l=1
H (Kl)
= (mD + 1)
(
mP + t− 1
t− 1
)
H (K) ,
1 ≤ i ≤ nP (95)ͱͳΔɽ ˘
6 ࠷దͳߏ੒๏ຊઅͰ͸ɼ1 ≤ k ≤ nS ʹରͯ͠ɼ
Pk (x0, x1, . . . , xt)
=
∑
0≤r0≤mD,
0≤r1,...,rt≤mP
a
(k)
r0r1···rt (x0)
r0 (x1)
r1 · · · (xt)rt
(96)ͳΔҐ਺Λૉ਺΂͖ qͱ͢Δ༗ݶମ Fq্ͷ nSݸͷଟ߲ࣜΛ༻͍ͨߏ੒๏ [5]͕ɼnS = mS+1ɼnU = mD+
1ͱͨ͠৔߹ʹલઅͰಋग़ͨ͠هԱ༰ྔͱड৴ྔͷԼքΛୡ੒͢Δ (mS ,mD, mP , t)-KDSͷߏ੒๏ʹͳΔ͜ͱΛࣔ͢ɽ͜͜ͰɼPk (x0, . . . , xt) ͸೚ҙͷ b ∈ Fq,
1 ≤ k ≤ nS , ஔ׵ σ : {1, 2, . . . , t} → {1, 2, . . . , t}ʹର͠ɼରশੑ
Pk (b, x1, . . . , xt)
= Pk
(
b, xσ(1), xσ(2), . . . , xσ(t)
)
(97)Λຬͨ͢ɽຊߘͰ͸ҎԼͰड़΂Δߏ੒๏Λ (mS ,mD,
mP , t)-KDS๏ͱݺͿɽ
6.1 (mS ,mD, mP , t)-KDS๏
(mS ,mD, mP , t)-KDS ๏Ͱ͸ɼmax{nD, nP } <
q, nS = mS +1ɼnU = mD +1ͱ͠ɼެ։৘ใͰ͋
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鍵配送センターからの情報漏えい耐性がある情報量的に安全な鍵事前配布方式についてΔ֤ू߹ٴͼ֬཰ؔ਺ΛɼͦΕͧΕ P=D=Fq\{0},
K = Fq, S = F(mD+1)(
mP+t
t )
q , Vr = Vm = F(
mP+t
t )
q ,
Ur=Um=F(
mP+t−1
t−1 )
q , pS(s)=q
−(mD+1)(mP+tt ), s ∈
S ͱ͢Δɽ͜ͷͱ͖ɼ֤ؔ਺ͷܭࢉ͸ɼͦΕͧΕ࣍ͷΑ͏ʹߦ͏ɽ
• vk,k′ = fr (sk,Dk′), 1 ≤ k ≤ mS + 1, 1 ≤
k′ ≤ nD ͷܭࢉɿൿີ৘ใͱࣜ (96) ͷଟ߲ࣜ
Pk ͕ 1 ର 1 ʹରԠ͢ΔͷͰɼsk ͱ Dk′ ͔Β
Pk (Dk′ , x1, . . . , xt)Λܭࢉ͠ɼରԠ͢Δ (mP+tt )ݸͷ Fq ্ͷݩΛ vk,k′ ͱ͓͘ɽ
• vk = fm (v1,k, v2,k, . . . , vnD,k), 1 ≤ k ≤ nD ͷܭࢉɿ
vk =
mS+1∑
k′=1
vk′,k. (98)͜ͷͱ͖ɼvk ͸ tม਺ଟ߲ࣜ
Q (Dk, x1, . . . , xt)
=
mS+1∑
k′=1
Pk′ (Dk, x1, . . . , xt) (99)ͱ 1ର 1ʹରԠ͢Δɽ
• uij ,i=Fr
(
vij ,Pi
)
, 1≤ i≤nP , 1≤j≤mD+1ͷܭࢉɿvij ͱPi͔ΒQ (Dij ,Pi, x2, . . . , xt)Λܭࢉ͠ɼରԠ͢Δ (mP+t−1t−1 )ݸͷ Fq্ͷݩΛ uij ,iͱ͓͘ɽ
• ui = gm
(
ui1,i, . . . , uimD+1,i
)
, 1 ≤ i ≤ nP ͷܭࢉɿuij ,i, 1 ≤ j ≤ mD+1͔ΒɼϥάϥϯδϡิؒΛ༻͍
mͯD+1∑
j=1
λijQ
(
Dij ,Pi, x2, . . ., xt
)
= Q(0,Pi, x2, . . ., xt) (100)Λܭࢉ͢Δɽ͜͜Ͱɼ
λij =
mD+1∏
k=1:k =j
−Dik
Dij −Dik
(101)ͱͨ͠ɽ͜ͷଟ߲ࣜʹରԠ͢Δɼ(mD +
1)
(
mP+t−1
t−1
)ݸͷ Fq ্ͷݩΛ ui ͱ͓͘ɽ
• kj = gk
(
uji ,Pj1 ,. . . ,Pji−1 ,Pji+1 ,. . . ,Pjt
)
, 1 ≤
i≤ t, Aj = {Pj1 ,Pj2 , . . . ,Pjt}ͷܭࢉɿuji ͱ
(Pj1 ,. . . ,Pji−1 ,Pji+1 ,. . . ,Pjt)͔Βɼ
kj = Q
(
0,Pji ,Pj1 , . . . ,Pji−1 ,Pji+1 , . . . ,Pjt
)Λܭࢉ͠ɼάϧʔϓ Aj ͷݤ kj ΛಘΔɽ
্هͷ (mS ,mD, mP , t)-KDS ๏͕ (mS ,mD,
mP , t)-KDSͷ࠷దͳߏ੒๏Λ࣮ݱ͢Δ͜ͱ͸ɼ͜ͷߏ੒๏͕ैདྷͷ͖͍͠஋ܕ҆શੑΛຬͨ͢࠷దͳߏ੒๏ͱͳΔূ໌ͱಉ༷ʹͰ͖ΔɽΑͬͯɼҎԼͷఆཧ͕੒ཱ͢Δɽఆཧ 13. (mS ,mD, mP , t)-KDS ๏͸ɼ(mS ,mD,
mP , t)-KDSΛ࣮ݱ͠ɼηϯλʔͱϢʔβͷهԱ༰ྔɼٴͼηϯλʔͱϢʔβ΁ͷ૯௨৴ྔͷԼքΛୡ੒͢Δɽʢ˘ূ໌ʣ·ͣɼ(mS ,mD, mP , t)-KDS๏͕ɼ৚݅ (C1)Λຬͨ͢͜ͱΛࣔ͢ɽ೚ҙͷ t ਓͷάϧʔϓ Aj =
{Pj1 ,Pj2 , · · · ,Pjt}ʹରͯ͠ɼϢʔβ Pji , 1 ≤ i ≤ t͕ੜ੒͢Δݤ͸ɼ
kj = Q
(
0,Pji ,Pj1 , · · · ,Pji−1 ,Pji+1 , · · · ,Pjt
)ͱͳΔɽQ (0, x1, x2, · · · , xt)͸mP ࣍ tม਺ରশଟ߲ࣜͳͷͰɼ೚ҙͷஔ׵ σʹର͠ɼ
Q (0, x1, · · · , xt) = P
(
0, xσ(1), xσ(2), · · · , xσ(t)
)͕੒Γཱͭɽ͕ͨͬͯ͠ɼi = i′ ͱͳΔ೚ҙͷ 1 ≤
i, i′ ≤ tʹରͯ͠ɼ
Q
(
0,Pji ,Pj1 , · · · ,Pji−1 ,Pji+1 , · · · ,Pjt
)
=Q
(
0,Pji′ ,Pj1 , · · · ,Pji′−1 ,Pji′+1 , · · · ,Pjt
)͕੒ཱ͢ΔͷͰɼάϧʔϓAj ͷ֤Ϣʔβ͸ಉ͡ݤ kjΛҰҙʹੜ੒Ͱ͖ΔɽΑͬͯɼ(mS ,mD, mP , t)-KDS๏͸ɼ৚݅ (C1)Λຬͨ͢ɽ࣍ʹɼ(mS ,mD, mP , t)-KDS๏͕ɼ৚݅ (C2)Λຬͨ͢͜ͱΛࣔ͢ɽ͜͜ͰɼҰൠੑΛࣦ͏͜ͱͳ͘࿙͍͑ηϯλʔΛ
X = {D1, · · · ,Dτ} , τ < nSͱ͢Δɽ͜ͷͱ͖ɼগͳ͘ͱ΋ 1 ͭͷൿີ৘ใ
smS+1 = snS ͕݁ୗηϯλʔʹରͯ͠ະ஌ͱͳΔɽ֤ൿີ৘ใ͸ޓ͍ʹಠཱʹੜ੒͞ΕΔͷͰɼ࿙͍͑ηϯλʔ͸άϧʔϓͷݤΛੜ੒͢ΔͨΊʹඞཁͳଟ߲ࣜɼ
Q (x0, x1, · · · , xt) =
mS+1∑
k=1
Pk (x0, x1, · · · , xt)(102)ʹؔ͢Δ৘ใΛશ͘ಘΔ͜ͱ͕Ͱ͖ͳ͍ɽΑͬͯɼจݙ [4]ͷ҆શੑূ໌ͱ্هͷ҆શੑͷ৚݅Λ૊߹ΘͤΔ͜ͱʹΑΓɼ(mS ,mD, mP , t)-KDS๏͸ɼ৚݅ (C2)Λຬͨ͢ɽ·ͨɼηϯλʔͱϢʔβͷهԱ༰ྔɼٴͼηϯλʔͱϢʔβ΁ͷ૯௨৴ྔ͕ɼఆཧ 9ʙ12ͷԼքΛͦΕͧΕୡ੒͢Δ͜ͱ͸༰қʹࣔͤΔɽ ˘
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6.2 ैདྷͷߏ੒๏ͱͷؔ࿈ैདྷͷ͖͍͠஋ܕ҆શੑΛ༗͢Δߏ੒๏ [3, 4, 5]͸ɼϢʔβͱηϯλʔͷهԱ༰ྔʹରͯ͠࠷దੑ͕อূ͞Ε͓ͯΓɼ͜ΕΒͷߏ੒๏͸ nD = nS ͱͨ͠ͱ͖ͷ
(mS ,mD, mP , t)-KDS๏ͱ౳Ձͳߏ੒๏ʹͳΔɽ·ͨɼηϯλʔͷड৴ྔΛ࡟ݮͨ͠վྑܕߏ੒๏ [5]͸ɼ
mS = mD ͱͨ͠ͱ͖ (mS ,mD, mP , t)-KDS๏ͱ౳Ձͳߏ੒๏ʹͳΔɽΑͬͯఆཧ 13ΑΓɼैདྷఏҊ͞Ε͍ͯΔ͖͍͠஋ܕ҆શੑΛ༗͢Δߏ੒๏͸ɼηϯλʔͱϢʔβͷهԱ༰ྔ͚ͩͰͳ͘ड৴ྔʹରͯ͠΋࠷దͳߏ੒๏ͱͳΔɽ·ͨ (mS ,mD, mP , t)-KDS๏͸ɼैདྷͷߏ੒๏Λಛผͳ৔߹ʹؚΉҰൠతͳߏ੒๏ͱͳΔɽ
7 ·ͱΊຊߘͰ͸ɼ೚ҙͷ tਓͷϢʔβʹର͢Δݤͷڞ༗͕Մೳͳ t-KDSʹ͓͍ͯɼηϯλʔͷൿີ৘ใ͕݁ୗͨ͠ࢀՃऀʹ࿙͍͑͢Δ৔߹Λߟྀͨ҆͠શੑΛ৽ͨʹఆٛ͠ɼͦͷ҆શੑΛ༗͢Δ t-KDSʹ͓͚Δ֤ηϯλʔͱ֤ϢʔβͷهԱ༰ྔͱड৴ྔͷԼքΛಋग़ͨ͠ɽ·ͨɼैདྷͷ͖͍͠஋ܕ҆શੑΛ༗͢Δߏ੒๏ʹج͍ͮͨ (mS ,mD, mP , t)-KDS๏͕ɼهԱ༰ྔͱड৴ྔͷ֤ԼքΛୡ੒͢Δ͜ͱΛࣔͨ͠ɽ͜ΕʹΑΓɼैདྷͷߏ੒๏͕هԱ༰ྔ͚ͩͰͳ͘ड৴ྔʹରͯ͠΋࠷దͱͳΔ͜ͱ͕໌Β͔ʹͳͬͨɽຊߘͰ͸ɼ৘ใ࿙͍͑Λߟྀ͖͍ͨ͠͠஋ܕ҆શੑΛ৽ͨʹఆ͕ٛͨ͠ɼ৘ใ࿙͍͑Λߟྀͨ͠ϥϯϓܕ҆શੑʹҰൠԽ͢Δ͜ͱ΋Ͱ͖Δɽ͞Βʹ࠷దͳߏ੒๏ʹ͍ͭͯ΋ɼैདྷݚڀͷ݁ՌΛར༻͢Δ͜ͱͰ࣮ݱͰ͖Δɽँࣙຊݚڀ͸ɼJSPS Պݚඅ JP16K00195 ͷॿ੒ʹΑΔ੒ՌͷҰ෦Ͱ͋Δɽࢀߟจݙ
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